Abstract-
INTRODUCTION
Study of the electromyographic (EMG) signals produced by living individuals is an well-known area of research that was introduced by Francesco in 1666, Walsh in 1773, and Galvani in 1792 [1, 2] . Since then, it has been commonly recognized that the analyzing of EMG signals is an important issue for understanding how muscular activity generates electrical signals during contraction that control the joint movements in the human body [3] . EMG has a broad application which is usually used to evaluate the motor control strategies, monitor muscle activity and fatigue, assess neuromuscular modifications with aging, and track neurological diseases [4] [5] [6] .
The key reasons for interest in the study of the EMG signals generated by biceps brachii (BB) muscle are, i) it can easily be activated with good mechanism and shows maximum recruitment of motor units during its movement, ii) BB considered as the important muscle from the bigger limb because it helps to control movements in the shoulder, elbow and proximal radioulnar joints, iii) it is easy to trace the fibre direction during sensor placement, and iv) the BB muscle is repeatedly associated with pain, disability, fatigue, tenderness, and dysfunction due to the overuse of upper arm movements in our day-to-day activities [7, 8] .
Thus, the analysis and identification of relationship between EMG amplitude and endurance time using different computational features from human muscle is a scientific challenge in the biomedical engineering research society. A number of previous research works documented the relationship between EMG signal and different attributes, such as generated force, endurance time, conduction velocity, different kinetic properties and joint torque relation [9] [10] [11] . Among all these EMG relationship oriented analyses, EMG-time is an interesting topic for further research and still a matter of investigation [21] . In earlier studies on EMGtime relationship and muscle activity we found that, i) a number of feature were extracted in time and frequency domain, namely: root mean square (RMS), zero crossing, mean frequency, median frequency, integrated EMG (IEMG), average-rectified value (ARV), mean absolute value (MAV), normalized spectral moments, wavelet transforms, increase in synchronization (IIS) index, and fractal dimension, ii) Identified the signal characteristics from different muscles, like biceps brachii, triceps brachii, deltoid, forearm, hamstring etc., and iii) using multiple body postures, contractions and protocols, iii) EMG signal were recorded during static (isometric) and dynamic (eccentric, concentric and isokinetic) contractions [12] [13] [14] [15] [16] . However, no recent studies have examined the EMGtime relationship and activity form biceps brachii (BB) muscle during only dynamic contraction using RMS feature. Therefore, the purpose of the present study was to examine reveal this research gap.
II. METHODS

A. Subjects
Ten healthy and right hand dominated male subjects, with mean±standard deviation, age: 26.2±1.6 yrs, height: 1.70±0.19 m and weight: 70.5±6.6 kg, were recruited. None of the participants had any upper extremity musculoskeletal disorders. All experimental procedures conformed to the declaration of Helsinki and prior to participation in this study; all of the subjects read and signed an informed consent form approved by an Independent Ethics Committee (IEC).
B. Data Recording
A wireless (Shimmer TM -Real-time Technologies Ltd., Ireland) was used to record the EMG signal (EMG activity in microvolt (mV)) where the 2 inputs (negative and positive) were used for the EMG recording, and a third was used as the reference channel. The EMG was detected from the belly of the BB muscle by means of two foam adhesive electrodes (silver-silver chloride). The reference electrode was attached to the lateral epicondyle of the humerus of the right arm (approximately 1 inch on the olecranon of the elbow). Some protocols like, inter sensor distance, sensor placement procedure and skin preparation were maintained which was suggested by Hermens et al. and SENIAM [17, 18] . The raw EMG signals were recorded at a sampling rate of 1 KHz before their A-D conversion and stored on a computer. The fourth-order band pass Butterworth filter was used to remove any skin movement artifacts as well as high frequency noises (cutoff frequency between 10 to 500 Hz). The recorded digitized EMG data sets were processed offline by filtering, windowing, and extracting signal. Signal processing was performed with Matlab (MathWorks, USA) software. Fig. 1 represents the sample waveform of the raw EMG signal before filtering.
C. Experimental Protocol
Before the test, the subjects were asked to stand erect holding the weight handle bar while it was resting. Then dynamic contraction (eccentric and concentric) was performed by lifting a standard 6-kg weight dumbbell. During the arm movement the elbow was swung (moved upward and downward) almost at same movement speed and generates pendulum arm motion within 0° to 90° angles. This angle measurement was consider as, from the shoulder to elbow and then elbow to palm which was calculated by a digital inclinometer. Three trials for each contraction were performed for 10-s and a rest period of 5-m was provided between each trial. Fig. 2 depicts the experimental protocol from the subject, while lifting the standard load (6-kg) to generate the dynamic contraction. 
D. Extracted Feature
The root mean square (RMS) is one of the most commonly accepted features used to describe the signal amplitude of a surface EMG signal. As a result, in this study, the RMS was used to calculate and analyse the surface EMG signals. RMS is the quadratic mean used to statistically investigate the magnitude of a time-varying signal. The mathematical definition of the RMS feature is the following [19, 20] :
The EMG RMS values were then normalized in terms of the maximum voluntary contraction, i.e., the individual RMS values during the contraction were considered the 100% MVC. The maximum peak-to-peak value of the EMG was considered a relative measure of motor activity (the positive portion of the peak is defined as the peak maximum). It should be noted that this normalization procedure only presents information on the level of muscle activity with regard to this peak value (i.e., shape of the EMG pattern). The main reason in the analysis of this type of parameter is to understand the exact modulation in the amplitude of the EMG generated by the BB muscle, as well as the muscular force performance and firing rate.
E. Statistical Analysis
The statistical analyses were performed using the Minitab™ software (version 13.32). Significant differences in the endurance time and EMG amplitudes were detected repeated-measures analysis of variance (ANOVA) using a significance level of =0.05 and 95% (P<0.05) confidence intervals for all of the variables. The steadiness of the EMG signal, i.e., the variation in muscle activity, was characterized by the coefficient of variation (i.e., the ratio of the standard deviations divided by the means; coefficient of variation (CoV) = /μ). Regression analysis (R 2 ) was used to analyse the relationship between the EMG (amplitude) and time (ms) variables after dividing the endurance times into five phases. The correlation, denoted by R, measures the amount of linear association between two variables. The null hypothesis of linearity of each regression was tested using the F-test. Finally, each individual dataset from the trial was fit to a linear regression line in the logarithmic form of y = a + bx. Table 1 and figure 3 showed the relation between EMG amplitude and time lags. There was a large positive linear association between these two variables where the points were close to the linear trend line (R squared = 0.93 and Fratio = 453.1). The table also presented the average EMG (RMS) signals and the signal steadiness (CoV) from BB muscle during contractions. Here, mean EMG was higher at the ending time lags (during 5001-7500 ms and 7501-10000 ms) compared to initial time duration (during 0-2500 ms and 2501-5000 ms). Similarly, signal steadiness was better during last time lags (1.66% during 7501-10000 ms) compared to initial time duration (10.35% during 0-2500 ms). However, moderate level of steadiness was found during middle time lags. (between 2501-5000 ms: 4.16% and between 5001-7500 ms: 5.78%). Other results for EMG amplitude correlation between each time lag were presented in Assessing the relationship between time lags and EMG amplitude through surface EMG signal analysis is a major unresolved challenge in human ergonomics, biomechanics, biomedicine, and rehabilitation. Thus, the aim of the study was to identify the muscle activity and relationship in the dominant BB muscle of young individuals between EMG and endurance time. To fulfil this research objective, the finding of this paper showed that the surface EMG activity during dynamic contraction is changing based on the time duration, i.e., 1 st to 4 th time lags (in 10-s time frame). The RMS feature revealed that the squared amplitude value of the 4 period time lags related the performed contraction (10-s and a rest period of 5-m) as shown in Fig.1 . It also suggested that, if the experimental protocol has been changed the time lags might be changed as well. The findings can be applied in biomedical engineering applications for the analysis and control of the neuromuscular system, ergonomics research, rehabilitation engineering, and movement biomechanics. Finally, the results improve our understanding of the mechanics of the upper limbs of individuals belonging to different age groups and open new windows for further research.
IV. CONCLUSION
This study illustrates the first attempt to compare the EMG signals obtained from young adult's BB using RMS feature during dynamic contraction. The novel findings of this study are the following: (i) linear relations observed between EMG and time, (ii) correlation coefficient observed between each time lags, (iii) there was a significant difference between EMG and time, and (iv) good signal steady found at the last time lags compare to early stage. However, further studies are needed to identify the muscle activity using other feature extractions and on different muscles on upper limb. 
